A new, slow-growing, scotochromogenic mycobacterium was isolated from a lymph node of an immunocompromised child and subsequently from tap water and from a respiratory specimen of a patient with chronic fibrosis. Alcohol-acid-fastness, lipid patterns and the G+C content clearly support the placement of this organism in the genus Mycobacterium. The isolates grew very slowly at temperatures ranging from 25 to 32 "C and showed activities of nitrate reductase, catalase, urease, arylsulfatase and Tween 80 hydrolysis. The organism was susceptible to all antimycobacterial drugs tested. The 16s rDNA sequence was unique and phylogenetic analysis placed the organism close to fast -g ro w i n g species such as Mycobacterium farcinogenes, Mycoba cterium komossense and Mycobacterium aichiense. These data support the conclusion that the isolates represent a new mycobacterial species, for which the name Mycobacterium tusciae sp. nov. is proposed. The type strain is strain FI-25796'; a culture of this strain has been deposited in the DSMZ as strain DSM 44338'.
INTRODUCTION
Cervical lymphadenitis due to non-tuberculous (environmental) mycobacteria is encountered frequently in children. Mycobacteriurn scrofulaceurn is classically considered to be the agent most frequently responsible for such disease, also known as scrofula, but in recent years an increasing prevalence of lymph-node infections due to Mycobacteriurn avium has been reported (W olinsky, 199 5).
Recently, several new scotochromogenic mycobacteria have been described as causes of paediatric cervical lymphadenitis (Haase et al., 1994; Tortoli et al., 1997) . We feel that, in many pathologies attributed to M . scrofulaceurn, this organism is likely to be only a scapegoat. The real causative agents are likely to be as yet undescribed mycobacteria, most of them characterized by common phenotypic features such as scotochromogenicity, grossly compatible with M . scrofulaceum.
The GenBank accession number for the 165 rDNA sequence of strain FI-25796T is AF058299.
Attempts to identify unusual mycobacteria by conventional procedures may sometimes lead to misidentification, mainly because of the insufficient discriminatory power of current panels of biochemical and cultural features. The detection by HPLC of a new mycolic acid profile belonging to a mycobacterium isolated from a lymph node of a child was the first clue of a previously unreported species; this hypothesis was subsequently confirmed by more detailed investigations of its phenotypic and genotypic features. Results of taxonomic studies of this new organism, for which we propose the name Mycobacterium tusciae sp. nov., are reported here.
METHODS
Bacterial strains. In October 1995, a 7-year-old child who had been undergoing steroid therapy since the age of 3, when a corticosteroid-susceptible nephrotic syndrome was diagnosed, was hospitalized because of a mild swelling on the left cheek. The lesion was aching and the overlying skin presented slightly reddish. An ultrasound scan revealed a round, regular-edged mass (1 3 x 11 x 10 mm) adhering to deep cutaneous tissues and characterized by inhomogeneous texture and oedema. After 3 weeks of treatment with 01044 0 1999 IUMS amoxicillin/clavulanic acid, a mild reduction of the mass was noted and it was eventually removed by surgery 7 months later and so far no relapse has occurred. Strain FI-25796T was isolated from the excised lymph node, using Middlebrook 7H 1 1 medium and conventional culture procedures (Nolte & Metchock, 1995) .
Two years later, during a local investigation for the presence of mycobacteria in drinking water, a further strain was isolated from tap water twice (FI-24797 and FI-27697) in a period covering several weeks. These isolations were made in a small town several dozens of kilometres away from the city where the child with lymphadenitis resides. Very recently, furthermore, a strain, probably lacking clinical significance, has been isolated in Switzerland from a respiratory specimen from a patient with chronic fibrosis.
Conventional identification methods. Colony morphology, pigment production in the dark and photoinduction and the ability to grow at temperatures ranging from 25 to 45 "C were examined during a 6 week incubation on LowensteinJensen medium and Middlebrook 7H11 agar. Acid-alcoholfastness was determined by Ziehl-Neelsen and auramine 0 staining.
The following biochemical features (Kent & Kubica, 1985) were investigated : niacin accumulation, nitrate reductase, arylsulfatase on days 3 and 14, semi-quantitative catalase, heat-stable catalase (pH 7, 68 "C), tellurite reductase, Tween 80 hydrolysis, P-glucosidase, acid phosphatase and urease. Inhibition tests included tolerance of thiophene-2-carboxylic acid hydrazide, thiacetazone, p-nitrobenzoate, hydroxylamine, oleate, isoniazid and sodium chloride and growth on MacConkey agar without crystal violet.
Drug susceptibility. The macrodilution method in radiometric broth, recommended for M . avium (Siddiqi et al., 1993) , was used in order to test the susceptibility of FI-25796' to ciprofloxacin, clarithromycin, ethambutol, rifabutin, rifampicin, sparfloxacin and streptomycin.
Lipid analyses. Mycolic acids of whole-organism methanolysates were investigated by TLC, as described previously (Minnikin et al., 1984) , as well as by HPLC of bromophenacyl esters using a C,, Ultrasphere XL cartridge column (Beckman) on a System Gold instrument (Beckman) according to the standard procedure (Butler et al., 1992; Tortoli & Bartoloni, 1996) . Low and high molecular mass internal standards (Ribi; ImmunoChem) were added for identification of peaks.
Fatty-acid methyl esters, alcohols and mycolic-acid-cleavage products were obtained from 40 mg wet biomass that was saponified, methylated and extracted as described previously (Miller, 1982) . They were subsequently separated by GLC using a model 5898A gas chromatograph (Hewlett Packard). The MICROBIAL IDENTIFICATION SYSTEM software (Microbial ID) was used to identify the fatty acids.
Analysis of 16s rDNA. Extraction of DNA and amplification of the entire 16s rDNA gene were carried out as described previously . The 16s rDNA sequence was established by overlapping direct sequencing of both strands of the amplicons using fluorescence-labelled Dideoxy Dye terminators on an automated DNA sequencer (ABI 373A ; Perkin-Elmer). Phylogenetic analysis. The sequence of our strains was aligned with 16s rDNA reference sequences from closely related mycobacterial species using the GENETIC DATA EN-VIRONMENT software version 2.2 (Larsen et al., 1993) . No gaps were removed, while probable sequencing errors within the reference sequence were omitted. A phylogenetic tree was constructed by using the neighbour-joining method (Saitou & Nei, 1987) . The method was applied to distances corrected for multiple hits and for unequal transition and transversion rates according to Kimura's two-parameter model (Kimura, 1980) , omitting regions of uncertain alignment at both ends of the gene; tree positions were confirmed by parsimony analysis while bootstrapping was not applied due to the high similarity of mycobacterial 16s rDNA.
RESULTS

M orp holog ica I and cu I tu ral properties
Cells of strains FI-25796T, FI-24797 and FI-27697 were acid-alco hol-fast, non-mo t ile, non-spore-forming and rod-shaped. Growth was observed on Lowenstein-Jensen medium after 4 weeks incubation at temperatures ranging from 25 to 32 "C; growth at 37 "C was generally only observed on Middlebrook 7Hll agar and in radiometric Bactec 12B medium (Becton Dickinson), while inconsistent and scanty growth was observed on Lowenstein-Jensen medium at that temperature. Colonies were rough and scotochromogenic and characterized by a very elevated centre surrounded by a flat and uneven fringe. Growth was inhibited by the presence of p-nitrobenzoate, hydroxylamine, isoniazid, oleate or sodium chloride in culture media. No growth was obtained on MacConkey agar ; however, the presence of thiophene-2-carboxylic acid hydrazide and thiacetazone was tolerated.
Biochemical properties
The strains possessed nitrate reductase, heat-stable catalase, urease, acid phosphatase and arylsulfatase (positive at day 14 but not at day 3) and were able to hydrolyse Tween 80. Accumulation of niacin and activities of P-galactosidase and P-glucosidase were not observed. Tellurite reductase was present in one of two environmental isolates.
An ti microbial su sce pt i bi I i ty FI-25796T was fully susceptible in vitro to all antimicrobials tested, while the inhibitory efficacy of ethambutol was limited. Minimal inhibitory concentrations were (in pg ml-l): ciprofloxacin < 1, clarithromycin < 0.5, ethambutol 8, rifabutin < 0.5, rifampicin < 0.5, sparfloxacin < 0-5 and streptomycin < 2. 
Lipid analysis
TLC analysis detected wax esters and a-and ketomycolates in FI-25796T, a pattern shared by a number of scotochromogenic, slow-growing mycobacteria, e.g. Mycobacterium bohemicum, Mycobacterium conspicuum, Mycobacterium hiberniae, Mycobacterium interjectum, M . scrofulaceum and Mycobacterium xenopi (Table 1) . Analysis of fatty acids revealed a pattern typical of mycobacteria (Table 2) , composed of unbranched, saturated and unsaturated fatty acids plus tuberculostearic acid (10-methyl C,,:,). Eicosanol, which is a cleavage product of the wax ester, was also found. The fatty acid profile of FI-25796T was indistinguishable from those of Mycobacterium aurum and M . scrofulaceum. From HPLC analysis, a mycolic acid pattern characterized by only one early cluster of peaks (Fig. I) was found for the three isolates, which did not show significant similarity to any other previously reported mycobacterial mycolic acid profile.
G + C content
The G + C content of DNA of F1-25796T was 66-4 mol YO. 
Phylogenetic analysis
Within the first variable region (A) of the 16s rDNA, the signature sequence of the novel species was different in several positions from all published mycobacterial sequences ; the second variable region (B), within helix 18, resembled fast-growing species as well as the slow-growing species of the group of Mycobacterium simiae (Fig. 2) . Phylogenetic analysis grouped the novel species close to Mycobacterium aichiense, Mycobacterium komossense and Mycobacterium farcinogenes and to a new non-pathogenic mycobacterial species, strain PAH 135 (Wang et al., 1995) . A phylogenetic tree has been established (Fig. 3) showing the position of the new species with regard to fast-growing mycobacteria and representative slowgrowing mycobacteria. The tree was rooted using Nocardia asteroides as an outgroup. The position of the new species has been confirmed by parsimony analysis, while bootstrap values have been omitted due to the high degree of similarity of 16s rDNA sequences in mycobacteria.
Differentiation of the novel species from other related mycobacteria
Strains FI-25796T, FI-24797 and FI-27697 are slowgrowing, scotochromogenic mycobacteria that can be distinguished from other related mycobacteria as follows: from M . xenopi by nitrate reduction, Tween hydrolysis, urease and inability to grow at 45 "C; from Mycobacterium gordonae by nitrate reduction, semiquantitative catalase and urease ; from M . scrofulaceum by nitrate reduction, semi-quantitative catalase, Tween 80 hydrolysis and urease ; from Mycobacterium szulgai by semi-quantitative catalase, urease and p- and from M . bohemicum by nitrate reduction and Tween 80 hydrolysis (Table 3) . Furthermore, the HPLC profile differs macroscopically from that of each of the aforementioned species. The 16s rDNA sequence yields a characteristic pattern that differenti- Table 3 . Selected 
distinguishing characteristics of strain FI-25796T
Characters that distinguish strain FI-2579fiT from other scotochromogenic, slow-growing mycobacterial species are shown. Date for other taxa were taken from Reischl et al. (1998) , Springer et al. ( , 1996 
DISCUSSION
Non-tuberculous mycobacteria are a major cause of cervical lymphadenitis in pre-school children. The presence of such organisms in soil, dust, food and tame animals, coupled with the propensity of children to put potentially contaminated objects in their mouths, suggest that oral mucosae, and particularly gingivae during tooth eruption, may be common portal of entry. The detection in tap water of a mycobacterium identical to the one isolated from a cervical lymph node may well support such a hypothesis.
The isolation from a sterile site is usually considered to be a sufficient criterion for the clinical relevance of a non-tuberculous mycobacterium (Wallace et al., 1990) . M . tusciae, isolated from a child's lymph node, therefore seems to be potentially pathogenic, at least for immunocompromised individuals like the one described here, who had undergone steroid treatment.
The present organism appears to be differentiable from other slow-growing, scotochromogenic mycobacteria by conventional tests (Table 3) , without significant variations among the strains isolated so far. As for the contribution of lipid analysis to the recognition of M . tusciae, while HPLC yielded a unique fatty acid profile (Fig. l) , the mycolic acid pattern that was obtained by TLC (Table 1) was shared by various scotochromogenic species and the fatty acid composition (Table 2) was indistinguishable from those of M . aurum and M . scrofulaceum.
Sequence analysis of the 16s rDNA gene plays an important role in the description of new mycobacterial species. At the phylogenetic level, our isolate is characterized by a position intermediate between slowand fast-growing mycobacteria, as inferred by the presence of a short helix 18 within the hypervariable region B of the 16s rDNA gene (Stahl & Urbance, 1990) . Other slow-growing mycobacteria ( M . simiae, Mycobacterium genavense, Mycobacterium intermedium, M . interjecturn) are characterized by a similar molecular marker but, in contrast to FI-25796T, FI-24797 and FI-27697, they all share an identical sequence within hypervariable region B. Thus, the novel species represents a new entity of a slow-growing mycobacterium with phylogenetic characteristics of fast-growing species. While phylogenetically closely related, fast-growing species such as M . J-lavescens and Mycobacterium senegalense are only known to cause infections in animals (Hamid et al., 1991; Mohan, 1985) , other species, such as M . aichiense, M . komossense and a new polycyclic-aromatic-hydrocarbon-degrading species, PAH135 (Wang et al., 1995; Grosser et al., 1991) , are not known to be pathogenic for humans. Its possible pathogenicity therefore emphasizes the need for specific recognition of M . tusciae.
Description of Mycobacteriurn tusciae sp. nov.
Mycobacterium tusciae (tu'sci.ae. L. gen. n. tusciae referring to the Italian region of Tuscany, where all the organisms were isolated). Cells are alcohol-acid-fast and rod-shaped. At temperatures between 25 and 32 "C, scotochromogenic colonies grow in about 4 weeks on Lowenstein-Jensen medium. Growth at 37 "C is inconsistent and requires a longer incubation, while no growth occurs at 42 "C. (1 1 YO) and C,,:, (8 YO), are also found. The G + C content of the DNA is 66.4 mol YO. The 16s rDNA sequence demonstrates that strains FI-25796T, FI-24797 and FI-27697 belong to a novel species phylogenetically related to M . aichiense and M . farcinogenes, with characteristics of a fast-growing mycobacterium; the signature sequence within region A is characteristic of M . tusciae, however. Strain FI-25796T is the type strain of Mycobacterium tusciae and has been deposited in the DSMZ as strain DSM 44338T.
